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MAGNETIC RECORDING MEDIUM, METHOD OF MANUFACTURING THE 
SAME MEDIUM AND MAGNETIC DISC DRIVE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a magnetic 
I recording medium applied to a hard disc drive and a method 
of manufacturing the same medium. 

In recent years, reduction in size and enlargement 
of capacity are essential requirements for a hard disc 
drive which plays the concentrated role of an information 
storage apparatus. These requirements can be realized 
by enhancing the recording density of a magnetic disc 
medium. In order to increase the recording density, 
it is requested to realize reduction in thickness of 
a magnetic film, improvement in resolution, high 
coercive force and low noise. 
Description of the Related Art 

di s c me< 
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a CoCr group al< 



if medium, 

polycrystalline film formed of three or^vpj&'ife elements 
has been used as a material of ma^g-Hr€tic layer. In the 
existing medj>a1n, Cr includp<r^ in the magnetic grains of 
magne;t>3rc ^ayer Is se^^egated into the crystal grain 
founda^y and this/^rain boundary is non-magnetized to 
reduce mutual/operation among the particles . In the 
'Elated aryt^\ in order to promote this segregation , adding 
coefficient of Cr to alloy is increased, Ta or the like 
is agrclea and a substrate is also heated during the film 
fg/tming process. 

As explained above, while a means for segregat. 
Cr included in the magnetic grains into the 5.;:iy-S^al grain 
boundary and non-magnetizing this{g>a^ri boundary region 
is introduced, it is essent^^ to use the CoCr gro.up 
alloy m^^g:3^etic material,.^ a material of magnetic layer 
, when redu^p^ion in thickness of magnetic layer 
icale-down^f crystal grains are promoted, a volume 
indivicUa^l magnetic gains is reduced, thermal 
sturbsmce is finally generated to result in the 
supe:5/^normal magnetization and the magnetic recording 
coQ^ition can no longer be maintained. In order to 
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.ume 





An object of the present invention is to 
a magnetic ^^^^jieTcording medium havirr3......-.fe-±'"^^ recording 

densijfe^/ Moreover, anoth,.©-r^ object of the present 

ion is to r^^adTize reduction in thickness of a 
magnetic f iliji^f a magnetic recording medium. Moreover, 

he o-th^ object of the present invention is to reduce 
noiSy6 of the magnetic recording medium itself. 
Q^sclosure of the Invention 

In the present invention, unlike the CoCr grj 
alloy used as a material of a magnet i c^^l^a-y^^^ a Co-based 
aiiQ/^ where a non-magnetic ^@-3rement different from Cr 
added to the Co discr^e^e element, is used as a material 
of the magnetic ^^Payer. According to the present 
invention, r^^uction of the value of Ku due to the 
formation/of alloy is controlled and thereby a problem 
in reduction of thickness of magnetic layer in a magnetic 
reconrding medium can be solved. 
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However, when a Co-based alloy not including 
is used as a material of mag^nr^i/6 layer, Cr i^ir^uded 
in the magnetic grain^s^^s se^r^^g^ted int,p-^he crystal 
grain boundary aj>d"the gr a^i^ boundary^^e^gion can no longer 
be non-magn^i zed . Therefore ,y^n the present invention 
a Cr-b^,3^d non-mag,?fet ic material is used as an underlayer 
Acp^rding to tl^^ presenir invent ion , the grain boundary 

non-magnetized by segregating Cr to the 
tin boundary from the underlayer. In more 
, diffusion of Cr into the crystal grain 
boundai/y of ^he magnetic layer from the underlayer is 
inducted wiifn post-annealing. As a result, the magnetic 
laye/t hay^ a structure that Cr exists only at the area 
near tKe crystal grain boundary and thereby 
noir^n/agne ti zat ion of grain boundary region of magnetic 
lay^er can be realized. Since the grain boundary region 
oxi magnetic layer is non-magnetized, magnetic mutual 
Operation among the grains can be reduced and noise of 
(magnetic recording medium can also be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view of a disc medium 
of the present invention. 

Fig. 2 is a diagram showing a crystal structure 
of a magnetic layer after the post-annealing. 



elations hi] 




-4- 



Fig. 4 is a diagram showing the growth process of 
magnetic grains. 

Figs. 5(a) and 5(b) are graphs showing the 
relationships between concentrations of additives of 
Co-based alloy and Ku values. 

Fig. 6 is a graph showing the relationship between 
Cr concentration in CoCrPt and Ku value. 

Fig. 7 is a graph showing the relationship between 
W concentration in CoW and Ku value. 

Fig. 8 i s a plan view of thg^ magnf^i-in dis c driv^ 
fhe embodiment of the present invention. 

Fig. 9 is a cross-sectional ^^-if^w nf the mngnrtir 
disc dri 
^ent ion 





ITg"! § as the embodiment of the present 



Fig. 10 is a diagram showing a structure of a 
sputtering apparatus . 

-a — f lowchart of the process to form a 
rum in the embodiment of the present invention. 
Fig. 12 is a cross-sectional view of an existing 
medium . 

Fig. 13 is a flowchart of the process to form an 
existing medium. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Fig. 1 is a cr o s s;;3^§..e-G^&-3roTra i view 

meji-irtirn of the present invention. In the 
ma^sTnet^aTc^ recording medium 1 of the present invention, 
mderlayer 3, a magnetic layer 4, a protection layer 
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5 are sequentially for med on a snh t r ;^ 1- 7 .&a-crm:ilm 

"orminq^j^.*r6 magnetic recording medium 1 will be explained 

The substrate 2 is formed of a non-magnetic mat^^f^al 
of disc shape. A material forming the s^piJstrate 2 
includes NiP plated aluminum (includj^n^ aluminum alloy) 

,ng reinfo rp^d glass) disc, silicon 
oxid^x^ilm, SiCdisc, carbon disc, 
sc or the like. Moreover, the 
^always required to have completed 
A size of substrate 2 is determined 
.e kind of desired medium and magnetic 
he application object or the like. In 
:ternal diameter is in the range of 65 
95mm, the internal diameter is in the range of 
o 25mm and thickness is in the range of 635mm 
Jo 0 . 8 mm . 

The underlayer 3 is formed of a non-magnetic mg; 
material mainl^composed of chromium. As thr^practical 
mater ial^^^ayfnetal material mainly.^.-'^mposed of only 
chr^etniumXr chromium alloy s;><5Ti as CrW , CrV, CrTI , CrMo 
'ike may be listed. The underlayer 3 is formed, 
O^for example, with^^fne sputtering method such as the 
mac^netron sput^tering method or the like. As the 
aaequate fi<lm forming conditions, for example, the 
fubstra^te temperature is 30°C, Ar gas pressure is 3 to 
iTojs^r, input power is 100 to 800W. Moreover, it is 
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introduce 



various 




f erentially 



obtained 



thicknes; 



ML 



The magnetic layer 4 is formed of a Co-based all; 
mainly composed of co^v^J^r and an alloy where^ 
non-magnetic map^r ±^d^ other than Cr is a^^dTed to Co, for 
example^j^^j&t5^ al^y and CoW alloy or^felie like are formed 
1 1 ^.^aTs pref er/c^le for the magn^^ic layer 4 that it is 
formed wit^ the spu t te r ing/^e thod such as the magnetron 
sputteri/hg method or ^he like and for example, the 
substrate tempera-Uire is set to 30°C, as the adequate 
film/forming coi^di t ions , Ar gas pressure is set to 3 
to 5^Torr and/Input power is set to 100 to 800W. Moreover, 
th4 other/film forming methods, such as vacuum 
evaporation method and ion beam sputtering method or 
the J/ike may be used in place of the sputtering method. 

The protection layor- R i<= nrmnpr^goH nf n d i-f -j-ti J_ H ITe"^ 

"rbo.X^or a_jG<rfnp o s i t e including carbon. For example, 
, B4C, carbon including hydrogen and a diamond 
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like carbon (DLC) that is noted in such a point as haAj>i^g 
higher hardness may be listed. It is prefer>a^le for 
the protection l^gf^er 6 that it is f orjjt'^^ wi th the 
sputter iji-g^me^hod such as the nv^-^netron sputtering 
mej>*fbd or/the like. As thp^pr ef erable film forming 
conditi/6ns, for exampl^e^; the , subs trate temperature is 
set \/o 30°C, Ar gas/^ressure is set to 3 to 5mTorr and 
inp/Qt power is i§/^t to 300 to 500W. Moreover, the other 
film forming/methods such as vacuum evaporation method 
Lnd ion b;^m sputtering method or the like can be 
substituted for the sputtering method. The thickness 
of th^^ pro tec t ion layer 6 is determined in a wider range 
depending on various factors and the preferable 
th/ickness is in the range of 4nm to 8nm. 

Her^, it is also allowed that a lubricant fi^ 

on the protec tion la:sLe n-»-- — Ttfe^lubr icant film is 
.al 1 Y.,-et5rnpos ed of a^^^p^lor ocarbon resin based material 
"^he thickness of Inm to 2nm. 

The present invention diffuses Cr included in the 
underlayer 3 into the crystal grain boundary of magnetic 
layer 4 with the post-annealing. 

Fig. 2 shows a crystal structure in the magnetic 
layer 4 of the magnetic recording medium 1 after the 
post-annealing . 

In^ Fig. 2 , a dotted li nejjxsLirer&tr^ the y j. ain- 
boun^ary, the r^^-g-drCrT'sur rounded by a solid line is the 
r^g^crfT'composed of a Co-based alloy (Cr is not included) 
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magnetic layer 4 can De controlled 

However, when the post-annealing is executed aft^ 
formation of the protection layer 5 mainly comop^iSed of 
carbon as explained above, carbon reachesx^€he surface 
,of the underlay;;j^ 3 passing through tXe crystal grain 
boundary X^tj6icm a film to impede d^j/f fusion to the grain 
bound^y o/f magnetic layer 4 larf Cr of the underlayer 
sfore, it is preferable to execute the post- 
.ng after the magrj/etic layer 4 is formed and before 
the protection laye^af 5 is formed. Moreover, the 
mag^netic layer 4 i/s exposed before the protection layer 
5/is formed anc^when the substrate 2 is exposed to the 
Atmospheric/condition under this condition, an oxide 
film is foirmed at the surface. Since this oxide film 
is condensed during the post-annealing to provide 
roughi^ss of the surface, it is preferable that the post- 
ann^^ling is conducted while the vacuum condition is 
maintained after lamination of the magnetic film 4. 
Fig. 3 shows the temperature dependence 
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characteristics of a coercive force He in the 
post-annealed medium (underlayer is Cr and magnetic 
layer is CoPt) and the standardized coercive force Hc/Hk. 

As shown in Fig. 3, diffusion of Cr to the cry^s^fcTal 
grain boundary of magnejt^-c layer from thej^-tfder layer 
is induced at th^/f^emp^r a tur e high^^jr^than 350°C 
Moreover, it^^s al^^ under stoQ,d:^hat Hc/Hk value can 
be incpe^sed, wtylle the an^aTso tropic magnetic field Hk 
dp^s not chaiy^e , by s;^ting the post-annealing 
temper a tur^ to 3 5 0^2^^ or higher. These results indicate 
that the j?6utual/6perations among grains are reduced and 
dif fus j/on of/Cr to the crystal grain boundary of magnetic 
Mayer/ is ^decelerated . In the post-annealing 
tem/er a^tur e region exceeding 30°C, Hc/Hk value becomes 
hig/he/r as the post-annealing temperature rises. 
Therefore , it can also be proved that segregation of 
Cr/ can be controlled depending on the post-annealing 
temperature . 

ig. 4 shows a growth p rocess o f mngnrtii i'( i .jinn 
ayer. As the magnetic layer, CoCrPt is 



magne; 

u>€a and as the underlayer, Cr is used 



For acceleration of segregation of Cr du£--^fe-© — Cne 
pos t-aj3.9^aling , it is e f f^e2i-i'^^re''''Toint reduce a medium 

rrmi^g technia^'^'^o laminate the underlayer and 
mag/hetic^xdTayer with the sputtering method in place of 
tjKe b^at treatment of substrate. In this technique, 
shown in Fig. 4, since the forming condition in which 
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Figs. 5(a) and 5(b) show the graphs indicating 
relationship between concentration of additj..^s and 
anisotropic constant Ku in the Co based m^^Grffetic material 
Fig. 5 (a) is the gr^d^h where Pt is^ar^^ed as the additive, 
while Fig. 5J^b^ is the grajQjpr where Cr is added as the 
additiv^e<" ^rom Fig. 5 {a/T and 5 (b) , it can be understood 
tl>a^ wheiy^concent r a t<L on of additive becomes higher, Ku 
lower tha/n 4e + 6(erg/cc) which is the Ku value 
of diy^crete element of Co. However, a lowering degree 
in /he case /where Cr is added as the additive becomes 
larger tham that in the case where Pt is added and a 
gher lyeduction degree is indicated in the region where 
r coiVcentration is 5at% or less. Therefore, if the 
CoCr/based alloy is used for the magnetic layer, it is 
preyferable to set Cr concentration to 5at% or less, if 
possible, to 3at% or less where the Ku value which is 
higher than the half of Ku value of discrete element 
f Co can be obtained. 

Fig. 6 is a graph indicating th^e^_re^ 

concentration of Co has the 
of 78%) and Ku value. From Fig. 6, it 
in understood that the Ku value is lowered when a 




Cr to. 



ratio in 



rtan t 



.ue 



-^te of Pt is decreased and a rate of Cr is increased 
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When the rate of Pt is 0 and additional c o e f f i cA^ &^Rr^r^f 
TJr 0^ 22% which i..s----trh:e'"''pTac t i c a 1 adding coefficient, 
u hecQjer^ 4e + 5(erg/cc) which is about 1/10 of the 
Ku/value of discrete element of Co. 

Fig. 7 is a graph showing the relationship betvi^er^n 
adding coef f icie;?rt of W in CoW and the Ku va->tfe. From 
Fig. 7, it ca,9;^^>e understood while the^^-d^d^ng coefficient 
of W i§^ia<the range of 0 to 1>^% that when the adding 
ci^tti/5ient of W is highg^ar^ the value of Ku becomes larger 
but yhen the addir^g^oef f icient of W exceeds 16at%, the 
"Value is r^^Tpidly decreased. However, in CoCr, a Ku 
^alue hi>^er than that in addition of Cr in the same 
^concQ^tration can be obtained. From Fig. 7, it can be 
s^d preferable that concentration of W should be 16at% 
^or less when CoW is used for the magnetic layer. 

As explained above, from the graphs of Fig. 5^ 
Fig. 7, it can >De understood that addition §>tr Cr 
remar kably^,;5)^uces the Ku value and reduc^ar^n of Ku value 
can hq^ed^ced or increased by add>rrg Pt and W in place 
o^^Cr. /When the discrete el>itrent of Co is used as the 
magnetic layer, a highp<^^ Ku value can be obtained as 
sho/wn in Figs . 5(a) aTfd5(b) but simultaneously corrosion 
p/oof character^i^tic is deteriorated. Accordingly, it 
/is requiredyco enhance passivation but it is inferior 
for practical use. Moreover, when the magnetic 
material not including Cr is used, a problem is generated 
in wliich the grain boundary region cannot be 
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netized. But, this problem can^ 



by 



ucing diffusion^ 



into the crystal grain boundary 



of magm 



.c layer from the underlayer with the post- 



Lnealing explained above 



hand 




In these figures, numeral 50 designates a magnetic 
disc driven with a spindle motor 52 provided on a base 
plate 51 . In this embodiment, three magnetic discs are 
provided . 

Numeral 53 is an actuator supported to ] 




On the baseBJ^^n ^1 , n mriyneLlC Circuit b8 formed 
a^.^.^'^'rmanent magnet and a yoke is provided and the 

-13- 





move ! 



In the present invention , a DC magnetron sputtering 
apparatus 10 as shown in Fig. 10 is used to form the 
predetermined film on the substrate. The sputtering 
apparatus 20 is provided, as shown in the figure, with 
a gas supply port 22 for guiding the gas into the 
sputtering chamber 21, an exhaust port 23, a susceptor 
24 for supporting a disc substrate, a target 25 and a 
magnet 2 6 . 

In view of verifying the effect of use of the 
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magnetic layer not including Cr and the effect of 
non-hjeating of the substrate in the laminating process, 
three kinds of media indicated below are manufactured 
on trial to measure the respective magnetic 
characteristics . 
1 . Medium A : 

As shown in Fig. 1, the cross-section of the medL^Ta 
A. is formed of an underi^a^^r 3, a magnetic \aj>i:i^r 4 and 
a protection laye^xS la/jfiinated s equep^triTa 1 ly on a 
substrate 2. jPfie mai>u f ac tur ino^^'^ces s of medium A is 
shown in Fi^. 11. y/The manu£^^tur ing process of medium 
A will^iSe explained wi^^ reference to Fig. 11. 
Sl:^An under/Layer 3/is laminated n a substrate 2 

(t a Si dVsc in the external diameter of 6 . 5mm, 
internal diamete^' of 20mm and thickness of 0.635mm on 
which svfrface y4 silicon oxide film is formed in the 
thickryfess of/300nm. The underlayer 3 is composed of 
polyG^rys taj/line film of Cr. After the chamber of the 
spuyterino apparatus is evacuated to 5e-10Torr, a film 
is /forme>a in the thickness of 5nm on the substrate 2 
un/der tAie condition that the Ar gas pressure in the 
s]^utte/ring chamber is set to 3mTorr. 

S/2 : A magnetic layer 4 is laminated on the underlayer 
SV "^he magnetic layer 4 is formed of CoPt alloy 
polyfcrys talline film and this film is formed in the 
thidknessof 14nm on the underlayer 3 under the conditions 
thau the Ar gas pressure in the sputtering chamber is 



ions i sting 
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p" o w e r Ts seT tTo 100 W . 
um Ahas the composition of cobalt 
of 12at%. 

forming a film of magnetic la^^e^ 
4, a bias voltage is set to OV in order tg^.-'^void the 
heat processing of the subs tr a^5.e<;;;;;XM in order 

to attain high purity Qj-^^ilm< ^^^^artial pressure of 
oxidized gas elem^e^ is ro'^^i^ed to le-llTorr or less 
by reducing JthB vacuumy^0^se pressure (le-9Torr) and 
purifyin^g the Ar gas^ 

S3: >^fter the m^^etic layer 4 is formed, the vacuum 
^ndition is he^d and the post-annealing is performed 
for 20 sec o s at 450 °C to sufficiently induce the 
diffusion/of Cr to the magnetic layer 4 from the 
underlay^r 3 . 

S5) V/t>ro tection layer 5 is laminated on the magnetic 
layei^4. The protection layer 5 is formed after the 
posyo^-annealing . This layer 5 is formed in the thickness 
of/bnm on the magnetic layer 4 under the conditions that 
sobstrate temperature is 30°C, Ar gas pressure in the 
sputtering chamber is set to 3mTorr and input power is 
sfet to lOOOW. 

From the medium A manufactured as explained abo vg ^, 

Hc/Hk 
i here 
of Ku 

medium of which magnetic layer is composed of 
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Co66Cr22Ptl2 . Moreover, as the value of Hc/Hk, O^.,^^ 
has been ^J>trSTi^;e^ by reflecting the width the 
nojv-^magnet: V2 ed region of the gr a in b^erlandary portion 
th diffusion of Cr inj^e^^he grain boundary of 
magn^ic layer. From tA]^^^'^^ it has been proved 

thax sufficient gra>^ boundary segregation of Cr can 
e realized eveX^^ in the medium where Cr is not added 
to the magne;l2^c layer. Here, it has also been confirmed 
that Cr erxists only in the region within 3nm from the 
crystyal grain boundary in the magnetic layer 4. 
2 , Medium B : 

A structure of the layer ofj^-e^f^um B is showiv<ln 
Fig. 12. Unlike the mediujji-<?r;th;e^ 

layer 4' including ^.S^ > Th^ manuf actj^-arlng process of 
medium B is shojawTin Fig^/i3 . Thejaa:€nuf ac tur ing process 
of mediiiip^ will b^-^ explairi^^ with reference to Fig 
13 

11: An undei?^iayer 3/^is laminated on a substrate 2. 
Shape and material/of the substrate 2 are identical to 
that of t/he medium A. The underlayer 3 is composed of 
the pol/ycrys-^lline film of Cr and it is formed in the 
thickness cyt 5nm on the substrate under the conditions 
that/ the /sputter ing chamber is evacuated to 5e-Torr, 
the Ar >gas pressure in the sputtering chamber is set 



1^o 3m^orr and input power is set to lOOW. 
S12:/The substrate 2 is heated up to 250°C. 

A magnetic layer 4 is formed on the underlayer 3. 
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The 



ma 



(puttering 




osed of the CoCr group allj 
s formed on the und^^layer 
under the conditj-^n that the 
e A r gas d^^^s sure in the 
to 3mT,errr and input power is 
of magnetic layer 4' of 
on of cobalt of 75at% and 





compo! 

medium 
chr om: 

ayer 5 is also formed on the magnetic 
tection layer 5 is formed in the 
n the magnetic layer 4 ' under the 
substrate temperature is set to 30°C , 
gas pressure in the sputtering chamber is set 
to/ 3mTorr and input power is set to IkW. 

In the medj^um B manufactured as explained 
since Cr ^.dcied to the magnetic lavgj>-^4^, the Hc/Hk 

valu.^^f 0y^3 has been obtaine^-.fe-^cause the grain boundary 
egiorj/can be norij;;jita-gnetized by segregating Cr included 
in yhe majg^ifetic grains into the grain boundary on the 
cation of deposition. However, the Ku value obtained 
only been 7e+6(erg/cc) . 
3 . Medium C : 

Shape of cross-section of the mejii-u^rr-CTT^ identical 
to th^,$?s^of medium A a nd.^Jt-s^'^h ^ in Fig. 1. Moreover, 
exmanuf acturijai^process is as shown in Fig. 11 which 
j/s identig^ to theprocess ofmediumA. Only difference 
from >€he manufacturing process of medium A is that a 
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^tratc ^ -j h o ntrrl nj-i 1m ?nn''<" — when the magneLic ril-ru 
is formed with the sputtering method. 

From the medium C manufactured as explained,, 
the Ki^ji^alue of 3 . 7 e + 6 (^g_r-g-/-crc7^ ha s been obtained as in 
case of ni^<irxum A. However, diffusion of Cr into 
the gra^iTn boundary of magnetic layer does not occur and 
th^^^Hc/Hk value has been reduced to 0.1 or less. 

From the values of Ku and Hc/Hk of each med, 
manufactured as explained above, it can beja-rfaer stood 
that a comparatively larger Ku vaj^oa^ can be obtained 
in the media A an^i^p^here Cr l^^ot added to the magnetic 
layer and m^p^sfe^er a la^-^ Hc/Hk value has been obtained 
in the^edi/Um A wl:>^e the substrate is not heated when 
tl>^ magn/etic l^er is formed. From this result, it has 
also Jz*4en oonfirmed that Cr should not be added to the 
mag/letic/ layer to obtain a large Ku value, while the 
sputte/ring process should be conducted without heating 
he /ubstrate in order to obtain a large Hc/Hk value. 
Inqfustrial Applicability of Utilization 
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reduced, and thereby high recording den s i ty caji--iTB 
achieved. Moreover, since the C r - ba^s-erTall o y is used 
as the m>t^^ial of under lay^^-arrCr can be diffused into 
t b-e^ r a i/f boundary oJ^rTagnetic layer from the underlayer. 
Sinc^/Cr is dij^^fused into the grain boundary, the grain 
bou/hdary cxf the magnetic layer can be non-magnetized. 
aA a re/^lt, the magnetic mutual operation among grains 
/cany&e controlled and noise of magnetic recording medium 
m also be reduced. 

As ^.x^<Lained above, in the prr^-i rnt inAmil ii i'TTT"^ 
redja^ti/dn in thic]sji-e-s-'§''''of magnetic layer and noise can 
^be 9Kf:cel^^ar^ed and thereby high recording density of 
fetic recording medium can be realized. 
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